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DISCLAIMER  

This document is disseminated under the sponsorship of the Idaho Transportation Department and the 

United States Department of Transportation in the interest of information exchange. The State of Idaho 
and the United States Government assume no liability of its contents or use thereof.  

The contents of this report reflect the views of the author(s), who are responsible for the facts and 

accuracy of the data presented herein. The contents do not necessarily reflect the official policies of 
the Idaho Transportation Department or the United States Department of Transportation.  
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object of this document. 
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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 

Passing lanes in two-lane two-way rural highways provide motorists with the opportunity to pass slow 

moving vehicles, improving the level of service of the operations in these highways.  Such passing 

maneuvers, however, can lead to a hazardous situation for the passing vehicle as well as for the 

opposing traffic.  Several head-on fatal and severe injury crashes have occurred in passing lanes in either 

at merge points (where passing maneuvers have continued too far) or just downstream of passing lanes 

where demand to pass is high.  Field observations have shown that once entering the wider roads and 

high design quality of passing lanes, some vehicles- including large trucks and recreational vehicles - 

tend to increase speeds. Many motorists are observed to speed in the fast lane and pass at excessive 

speeds that could carry into the merge area increasing the risk of a fatal or a severe injury crash.   

Passing lane safety and efficiency can be significantly improved if the lead vehicles with varying speeds 

were induced to maintain a relatively slower speed allowing more vehicles to pass without excessive 

speeds or reckless weaving maneuvers.  

 

A driver simulator study conducted by researchers from the Universitȅ ƻŦ LŘŀƘƻΩǎ bŀǘƛƻƴŀƭ LƴǎǘƛǘǳǘŜ ŦƻǊ 

Advanced Transportation Technology (NIATT) concluded that that regulatory speed reduction signs early 

in a passing zone that limit the speed of right-lane drivers relative to left-lane drivers offer the greatest 

opportunity for increasing the efficiencyτand perhaps also the safetyτof rural passing zones.  The 

study found that regulatory signs imposing split speed limits between the lanes (65 mph-left, 55 mph-

right) or limiting RVs and trucks to 55 mph along with advisories to allow others to pass, reliably 

increased the difference in speed between left- and right-lane drivers, which should allow more passes 

to occur within each passing zone.  This increase in passing efficiency has the potential to reduce driver 

frustration and passing urgency, and may therefore significantly enhance the safety of rural highways.  

 

The driver simulator study also analyzed the effect of several passive speed reduction measures using 

alternative pavement striping (Chevrons, transverse lines, parallax, lane narrowing). The passive speed 

reduction measures were all less effective in reducing speed of drivers in the right-hand lane than 

regulatory and advisory speed reduction signs. However, among these alternatives lane narrowing and 

traverse lines showed the highest potential in reducing driver speed.  The primary objective of this 

research project was to field test the effectiveness of these measures in two passing lane sites in Idaho. 

Due to some regulation limitations, the proposed speed reduction signs and improved striping measures 

were never implemented in the field.  Accordingly, the project tasks were limited to collecting field data 

to document the speed operational characteristics upstream from, at, and downstream of the passing 

lanes and analyzing crash data to investigate the characteristics of passing lane crashes in Idaho.    

 

The speed data collected in the passing lane sites shows several important characteristics. The speeds in 

the right lane are consistently higher than the operating speed just upstream from the passing lane. 

Most importantly, and for both sites, the difference in average speed between vehicles in the right lane 

and left lane was lower than 3 mph at both locations along the passing zone. Such operational 
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characteristics clearly show a need for intervention measure to slow traffic in the right lane to allow for 

safer passing maneuvers.   

 

The crash analysis for 67 passing lanes segments identified a total of 137 crashes occurred either at the 

passing lane segments or at the merging areas downstream of the passing lane. The analysis covered a 

10-year period from 2005 to 2015. Of these crashes, 46.15 percent were property damage crashes, 

15.38 percent were possible injury crashes, 23.08 percent were visible injury crashes, 13.94 percent 

were serious injury crashes, and 1.45 percent were fatal crashes. Only 9 of the 137 crashes (6.57 

percent) involved alcohol use. The majority of passing lane crashes occurred during clear weather 

conditions (62.04 percent) and during daylight (76.64 percent). Only 8.03 percent of the crashes 

occurred during ice/snow conditions. Speeding, improper lane-use, and improper overtaking were the 

major contribution factors in 84.67 of the crashes.  The average crash rates (crash/million vehicle-

mile/year) for merging segments, non-merging segments, and passing lane segments are 2.316, 2.228, 

and 2.271, respectively. While the merging segments downstream of the passing lanes have slightly 

higher crash rates than non-merging roadway segments (3.8 percent higher), the difference is not 

statistically significant at the 95% confidence level.     
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LƴǘǊƻŘǳŎǘƛƻƴ 

Overview 
Passing lanes in two-lane two-way rural highways provide motorists with the opportunity to pass slow 

moving vehicles, improving the level of service of the operations in these highways.  Such passing 

maneuvers however, can lead to hazardous situations for the passing vehicle as well as for the opposing 

traffic.  Several head-on fatal and severe injury crashes occur in passing lanes in Idaho either at merge 

points (where passing maneuvers have continued too far) or just downstream of passing lanes where 

demand to pass is high.  Field observations have shown that some vehicles, including large trucks and 

recreational vehicles, tend to increase speeds once in the passing lanes. This leads motorists to pass at 

excessive speeds that may carry into the merge area increasing the risk of a fatal or a severe injury 

crash. Passing lane safety and efficiency can be significantly improved if the lead vehicles with varying 

speeds were encouraged to be courteous and maintain a relatively slower speed allowing more vehicles 

to pass without excessive speeds or reckless weaving maneuvers. This project examines the 

effectiveness of two low-cost measures that have the potential of influencing the behavior of drivers 

while on the passing lanes. The two alternatives are: 1) improved signage upstream from and at the 

passing lanes and 2) alternative striping and lane marking. 

 

Benefits to ITD and to the public from this project include: 1) low-cost alternatives that have the 

ǇƻǘŜƴǘƛŀƭ ƻŦ ƛƳǇǊƻǾƛƴƎ ǘƘŜ ǎŀŦŜǘȅ ŀƴŘ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǘǊŀŦŦƛŎ ƻǇŜǊŀǘƛƻƴǎ ƻƴ ǇŀǎǎƛƴƎ ƭŀƴŜǎ ƛƴ LŘŀƘƻΩǎ ǘǿƻ-

lane rural highways, 2) reduced head-on collision on passing lanes, and 3) increase public awareness of 

ǎŀŦŜ ŀƴŘ ŜŦŦƛŎƛŜƴǘ ǇŀǎǎƛƴƎ ƳŀƴŜǳǾŜǊǎ ǘƘǊƻǳƎƘ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ƻǳǘǊŜŀŎƘ ŀŎǘƛǾƛǘƛŜǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ 

ŀƭƛƎƴǎ ǿƛǘƘ LŘŀƘƻΩǎ {ǘǊŀǘŜƎƛŎ IƛƎƘǿŀȅ {ŀŦŜǘȅ tƭŀƴ ŀƴŘ ǎǳǇǇƻǊǘǎ ǘƘŜ ǘƻǇ ǇŜǊŦƻǊƳŀƴŎŜ ƳŜŀǎǳǊŜ ƻŦ 

eliminating fatalities and serious injuries.   

 

Research Objectives 
The project has the following three objectives: 1) examine the effectiveness of improved signage on the 

safety and efficiency of the passing lane operations, 2) examine the effectiveness of alternative striping 

and pavement marking on reducing the speed at the passing lane locations, and 3) document the 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ  ǇŀǎǎƛƴƎ ƭŀƴŜ ŎǊŀǎƘŜǎ ƛƴ LŘŀƘƻΩǎ ǘǿƻ-lane rural state highways. 

 

Report Organization 
This report includes four chapters. After the introduction, Chapter 2 provides an extensive summary of 

the results of the driver simulation study that assessed the potential safety benefits of using improved 

ǎƛƎƴŀƎŜ ŀƴŘ ǎǘǊƛǇƛƴƎ ƛƴ ǇŀǎǎƛƴƎ ƭŀƴŜ ƭƻŎŀǘƛƻƴǎ ŎƻƴǎƛŘŜǊŜŘ ŦƻǊ ǘƘƛǎ ǇǊƻƧŜŎǘΦ /ƘŀǇǘŜǊ о ǇǊŜǎŜƴǘǎ ǘƘŜ ǎǘǳŘȅΩǎ 

field data collection and the results of the crash analysis. Chapter 4 documents the study conclusions.  
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5ǊƛǾŜǊ {ƛƳǳƭŀǘƻǊ {ǘǳŘȅ {ǳƳƳŀǊȅ wŜǎǳƭǘǎ 

Overview 

A series of experiments using ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ LŘŀƘƻΩǎ National Advanced Driving Simulator (NADS) 

Minisim fixed-base driving simulator were conducted to examine the potential safety and operational 

benefits of several highway safety interventions for reducing collision risk. These safety interventions 

were aimed at inducing safer driver behaviors such as slowing in the right-hand lane while being passed 

to reduce incidences of last-second, high-speed passes.  The study approach goes beyond typical 

mitigations of collision risk that use explicit behavioral interventions such as enforcing lower speed limits 

(regulation) and public education (safety warnings).  These explicit enforcement interventions can be 

costly to implement and have limited impact on a sometimes uncooperative public who are in a hurry 

and whose decision making might be impaired by alcohol or fatigue.   

 

The study aim is to examine whether semi-permanent alterations to the visual appearance of the unsafe 

zones might implicitly reduce risky driver behaviors by slowing traffic and inducing better passing 

decisions without drivers being consciously aware that their behavior is being affected.  Such implicit 

changes in behavior may be more efficient and long-lasting since they do not require conscious 

compliance from drivers nor engagement from law enforcement.  Rather, these safety interventions will 

be designed to passively engage drivers in safer passing behaviors by sub-consciously altering their 

perceptions of speed and distance.  An overview of the study methodology, results, and conclusions is 

presented in this chapter. The full details of this study is documented in ǘƘŜ ǎǘǳŘȅΩǎ Ŧƛƴŀƭ ǊŜǇƻǊǘ(1).  

 

Simulation Study Aims 

In this study, two experiments aimed at evaluating the efficacy of various passing zone scenarios on 

driving behavior were conducted. In each experiment, a sample of participants was tested driving a 

simulation of a two-lane rural highway through the Alaskan countryside with passing zones occurring 

intermittently.  The simulation method had two broad aims.  First, the study authors endeavored to 

immerse drivers in a simulation so as to produce natural driving behaviors.  To this end, they developed 

a virtual environment describing a 50 mile driving loop through typical rural terrain (farms, forests, 

mountains) and instructed the participants to imagine they would be driving through a rural highway  

segment ŀŦǘŜǊ ŀ ƭƻƴƎ ǊŜŎǊŜŀǘƛƻƴŀƭ ǿŜŜƪŜƴŘ ŀƴŘ ǘƻ ŘǊƛǾŜ ǿƛǘƘ ǘƘŜƛǊ άƴƻǊƳŀƭ ǎǘȅƭŜ ŀƴŘ ŜǘƛǉǳŜǘǘŜέ 

(instructions are detailed in the procedure sections of each experiment).  

 

The second broad aim was to examine effects of the passing zone scenarios on the behavior of two 

types of drivers: those towing a recreational vehicle (RV) and those driving a sedan not towing a RV.  

Experiment 1 examined drivers towing a RV, while Experiment 2 examined sedan (non-towing) drivers.  

Different traffic scenarios were developed for these two categories of drivers and slightly different 
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instructions were provided to implicitly induce the RV-towing drivers to use the right lane of passing 

zones to let vehicles pass and the non-towing drivers to use the left hand lane and attempt to pass 

slower traffic.   

Simulation Study Stimuli 

Both experiments used almost identical stimuli. Participants drove a 50-mile track simulating a two-lane 

rural Alaskan highway with 10 three-lane passing zones interspersed every three to four miles.  The 

inter-passing-zone stretches of the two-lane highway consisted of three to four miles of a variety of 

terrain, including both horizontal and vertical curves (hilly terrain) and straight and level sections.  The 

speed limit for inter-passing-zone stretches of highway was marked as 65 mph and advisory signs for 

curves were included.  Passing zones consisted of a two-mile length of straight and level (0% grade) 

roadway with standard advisory and regulatory signs preceding each zone in their typical locations (see 

Figure 1).  For each passing zone, the full two lanes separated by white dashed lane markings was one 

mile long, with a 1/8 mile lane-addition transition, and a 1/8 mile lane-reduction transition.  Each 

passing zone simulated one of ten different set of signage or roadway markings, hereafter referred to as 

scenarios (see Figures 2-11) 

 

 
Figure 1 Standard Passing Lane Advisory and Regulatory Signs 

 

 

 

Table 1 The Ten Passing Zone Scenarios Examined in the Study 

Baseline  

0. Advisory 

1. Regulatory 

2. Regulatory plus advisory 

3. Chevrons 

4. Transverse lines 

5. Lane narrowing  

6. Parallax 

7. Force right/ Neutral zone 

8. Transverse lines with middle segment
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Descriptions of Testing Scenarios 

¶ Scenario 0: Baseline.  This scenario simulated the conditions presently implemented in passing 

zones on Alaska rural highways.  All other passing zone scenarios were variations on this 

baseline scenario and shared all elements except for the differences described below.   

¶ Scenario 1: Advisory. ¢Ƙƛǎ ǎŎŜƴŀǊƛƻ ǊŜǇƭŀŎŜŘ ǘƘŜ άYŜŜǇ wƛƎƘǘ 9ȄŎŜǇǘ ǘƻ tŀǎǎέ ǎƛƎƴ ǿƛǘƘ ŀ ά{ƭƻǿŜǊ 

¢ǊŀŦŦƛŎ YŜŜǇ wƛƎƘǘέ ǎƛƎƴ ŀƴŘ ŀŘŘŜŘ ǘƘŜ ŀŘǾƛǎƻǊȅ ǎƛƎƴ ά!ƭƭƻǿ Others to Pŀǎǎέ ƴŜȄǘ ǘƻ ǘƘŜ ά{ƭƻǿŜǊ 

Traffic Keep RƛƎƘǘέ ǎƛƎƴ.   

¶ Scenario 2: Regulatory with right lane reduced speed limit. This scenario changed the 65 mph of 

the Baseline Scenario 0 to a split speed limit for the left and right lanes, with the right lane 

speed limit reduced to 55 mph.   

¶ Scenario 3: Regulatory with truck/RV speed limit plus advisory. This scenario added the same 

advisory ŀƴŘ ά{ƭƻǿŜǊ ¢ǊŀŦŦƛŎ YŜŜǇ wƛƎƘǘέ signs included in Scenario 1 and combined it with a 

reduced speed limit of 55 mph for Trucks and RVs.  

¶ Scenario 4: Passive speed reduction using chevrons.  This scenario added partial chevrons 

painted on the road surface to the Baseline Scenario 0.  The partial chevrons consisted of groups 

ƻŦ ǘŜƴ рΦфέ ǿƛŘŜ ǿƘƛǘŜ ƭƛƴŜǎ ŜȄǘŜƴŘƛƴƎ ŦǊƻƳ ǘƘŜ ƭŀƴŜ ŜŘƎŜ ƳŀǊƪƛƴƎǎ ƛƴǘƻ ǘƘŜ ƭŀƴŜ ŀǘ ŀƴ ŀƴƎƭŜ ƻŦ 

30 degrees ǘƻǿŀǊŘ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘǊŀǾŜƭ ŀƴŘ ǎǇŀŎŜŘ нέ ŀǇŀǊǘΦ  9ŀŎƘ ƎǊƻǳǇ ǘƘǳǎ ŜȄǘŜƴŘŜŘ сΩ тέ 

ƭƻƴƎƛǘǳŘƛƴŀƭƭȅ ŀƭƻƴƎ ǘƘŜ ǊƻŀŘǿŀȅΦ  ¢ƘŜ ƭƛƴŜǎ ŜȄǘŜƴŘŜŘ мΦрΩ ƭŀǘŜǊŀƭƭȅ ǘƻǿŀǊŘ ǘƘŜ ŎŜƴǘŜǊ ƻŦ ǘƘŜ ƭŀƴŜ 

ŦǊƻƳ ŜŀŎƘ ŜŘƎŜ ƭƛƴŜΣ ǘƘŜƴ ƭŜŦǘ ŀ оΩ ƭŀǘŜǊŀƭ ƎŀǇ ōŜŦƻǊŜ ǎǘŀǊǘƛƴƎ ŀƎŀƛƴ ŦƻǊ ǘƘŜ ŎŜƴǘŜǊ оΩ-ǿƛŘŜ άϣέ 

ǎƘŀǇŜΦ  ¢Ƙƛǎ ƭŜŦǘ ǘǿƻ оΩ-wide paint-free gaps for vehicles tires to contact the road.  The chevron 

groups started at the point where the two full passing lanes divided by a dashed white line 

began, with the first five groups spaced longitudinalƭȅ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ пнΩ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ 

beginning of one group of chevrons to the beginning of the next group.  After the fifth group of 

Chevrons, the spacing decreased by a factor of 0.988 for the next 33 groups, reaching a 

ƳƛƴƛƳǳƳ ƻŦ нсΦуΩ ōŜǘǿŜŜƴ ǘƘŜ оуth and 39th group, which was located ¼ mile into the passing 

zone.  For the next ½ mile, 61 groups of chevrons occurred at a constant longitudinal spacing of 

нсΦуΩΦ  CƻǊ ǘƘŜ ƭŀǎǘ ѻ ƳƛƭŜ ƻŦ ǘƘŜ Ŧǳƭƭ ǘǿƻ ƭŀƴŜ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ ǇŀǎǎƛƴƎ ȊƻƴŜΣ ǘƘŜ ǎǇŀŎƛƴƎ ƛƴŎǊŜŀǎŜŘ 

by a factor of 1/0.988 = 1.012 for the first 34 chevron groups and then remained at a constant 

пнΩ ŦƻǊ ǘƘŜ Ŧƛƴŀƭ р ŎƘŜǾǊƻƴ ƎǊƻǳǇǎΦ  

¶ Scenario 5: Passive speed reduction using transverse lines. This scenario added transverse lines 

painted on the road surface to the Baseline Scenario 0.  The transverse lines consisted of нΩ-wide 

lines ŜȄǘŜƴŘƛƴƎ ƻǊǘƘƻƎƻƴŀƭƭȅ ŦǊƻƳ ǘƘŜ ƭŀƴŜ ŜŘƎŜ ƳŀǊƪƛƴƎǎ ƛƴǘƻ ǘƘŜ ƭŀƴŜ мΦрΩΦ [ƻƴƎƛǘǳŘƛƴŀƭ 

spacing of the transverse lines was identical to the chevrons described in Scenario 4. 

¶ Scenario 6: Passive speed reduction with lane narrowing. This scenario was identical to the 

Baseline Scenario 0 except for a linear narrowing of the right lane edge line such that the lane 

width reduced ŦǊƻƳ мнΩ ǘƻ млΩ ƻǾŜǊ ǘƘŜ ŦƛǊǎǘ ѻ ƳƛƭŜΣ remained a Ŏƻƴǎǘŀƴǘ млΩ ǿƛŘǘƘ ŦƻǊ the next 

½ mile, then linearly expanded ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ мнΩ ƭŀƴŜ ǿƛŘǘƘ ƻǾŜǊ ǘƘŜ ƭŀǎǘ ѻ ƳƛƭŜΦ 

¶ Scenario 7: Passive speed reduction with poles creating optical parallax along the side of the 

road. This scenario added groups of yellow poles ŜȄǘŜƴŘƛƴƎ млΩ ŀōƻǾŜ ǘƘŜ ƎǊƻǳƴŘ along the side 

of the road to the Baseline Scenario 0.  The poles were сέ ƛƴ diameter and painted with the 

same yellow color as the center dividing line of the highway. The longitudinal spacing of the pole 
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groups decreased logarithmically during the first ¼ mile, was constant for ½ mile, and increased 

logarithmically over the last ¼ mile in a manner identical to Scenario 4: Chevrons.  The number 

and lateral spacing of the poles within each pole group also changed over these segments of the 

passing zone.  The initial four pole groups and last four pole groupsτcorresponding to the initial 

and final four constant longitudinal gapsτŎƻƴǘŀƛƴŜŘ ƻƴƭȅ ƻƴŜ ǇƻƭŜΣ ƭƻŎŀǘŜŘ слΩ ƭŀǘŜǊŀƭƭȅ ŦǊƻƳ 

the right-hand edge line of the roadway.  All other pole groups contained 3 poles, whose inter-

ǇƻƭŜ ƭŀǘŜǊŀƭ ǎǇŀŎƛƴƎ ƛƴŎǊŜŀǎŜŘ ƭƛƴŜŀǊƭȅ ŦǊƻƳ мΩ ŦƻǊ ǘƘŜ рth ǇƻƭŜ ƎǊƻǳǇ ǘƻ млΩ ŦƻǊ ǘƘŜ мсth pole 

group.  For pole groups 1-мсΣ ǘƘŜ ŦŀǊǘƘŜǎǘ ǇƻƭŜ ǿŀǎ ŀƭǿŀȅǎ ƭƻŎŀǘŜŘ слΩ ŦǊƻƳ ǘƘŜ ǊƻŀŘǿŀȅ ǊƛƎƘǘ-

hand edge line, therefore for the 16th pole group the near and ƳƛŘŘƭŜ ǇƻƭŜǎ ǿŜǊŜ ƭƻŎŀǘŜŘ плΩ 

ŀƴŘ рлΩ ŦǊƻƳ ǘƘŜ ŜŘƎŜ ƭƛƴŜΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ Pole groups 17-оу ŎƻƴǘƛƴǳŜŘ ǿƛǘƘ млΩ ƭŀǘŜǊŀƭ ǎǇŀŎƛƴƎ 

but the distance of the poles from the roadway right-hand edge line decreased linearly from 40, 

рлΣ ŀƴŘ слΩ ǘƻ мрΣ нрΣ ŀƴŘ орΩ όǊŜǎpectively) at ¼ mile into the full 2-lane segment of the passing 

zone.  For the next ½ mile of the passing zone 61 pole groups had constant lateral and 

longitudinal spacing.  Over the last ¼ mile of the full 2-lane passing zone pole groups 62-83 had 

млΩ ƭŀteral spacing but linearly increased in distance from the right edge-line of the roadway 

ǳƴǘƛƭ ǘƘŜ ŘƛǎǘŀƴŎŜ ŀƎŀƛƴ ǊŜŀŎƘŜŘ плΣ рлΣ ŀƴŘ слΩ ŦƻǊ ǘƘŜ ƴŜŀǊŜǎǘΣ ƳƛŘŘƭŜΣ ŀƴŘ ŦǳǊǘƘŜǎǘ ǇƻƭŜΣ 

respectively.  For the next 12 pole groups, 84-96, inter-pole lateral spacing linearly decreased 

ŦǊƻƳ млΩ ǘƻ мΩ ǿƛǘƘ ǘƘŜ ŦǳǊǘƘŜǎǘ ǇƻƭŜ ƭƻŎŀǘŜŘ слΩ ƭŀǘŜǊŀƭƭȅ ŦǊƻƳ ǘƘŜ ǊƛƎƘǘ ǊƻŀŘǿŀȅ ŜŘƎŜ ƭƛƴŜΣ 

followed by the last 4 single pole groups.  

¶ Scenario 8: Force right at lane addition and neutral zone with arrows at lane reduction. This 

scenario added two elements to the Baseline Scenario 0: 1) ŀ άŦƻǊŎŜ ǊƛƎƘǘέ ŎŜƴǘŜǊ ƭƛƴŜ ŀǘ ǘƘŜ 

beginning of the passing zone; and 2) an early return with arrows, rumble strip, and a neutral 

zone at the end of the passing zone.  A rumble strip was simulated under this line to create a 

loud rumble sound when driven upon, which shortened the passing zone by 200 feet leaving  

Standard arrows from the MUTCD pointing diagonally toward the left-lane preceded the early 

return neutral zone . 

¶ Scenario 9: Passive speed reduction using transverse lines with a middle segment. This scenario 

added a middle segment to the transverse lines painted on the road surface for the Transverse 

[ƛƴŜǎ {ŎŜƴŀǊƛƻ рΦ  ¢ƘŜ ƳƛŘŘƭŜ ƭƛƴŜ ǎŜƎƳŜƴǘ ǿŀǎ нΩ ǿƛŘŜ ŀƴŘ оΩ ƭƻƴƎ ǇƭŀŎŜŘ ŜȄŀŎǘƭȅ ƛƴ ǘƘŜ ƭŀƴe 

ŎŜƴǘŜǊΣ ǇǊƻǾƛŘƛƴƎ оΩ ǿƛŘŜ ǳƴǇŀƛƴǘŜŘ ǇŀǾŜƳŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ŎŜƴǘŜǊ ŀƴŘ ƻǳǘŜǊ ǘǊŀƴǎǾŜǊǎŜ ƭƛƴŜ 

segments.   

 

As part of the study, 10 unique counter-balanced orders were developed for the 10 passing scenarios 

such that each scenario occurred equally often in each place of the order and preceded and followed 

every other scenario an equal number of times.  These orders are listed in Table 2.  Each passing zone 

also included a pseudo-random headwind-tailwind disturbance profile to induce participants to make 

accelerator pedal movements to maintain constant speed.  The wind disturbances profiles were defined 

by 5 velocities: strong head-wind (defined as -100 mph in the MiniSim software), head-wind (-50 mph), 

zero, tail-wind (50 mph), and strong tail-wind (100 mph), each presented twice in a pseudo-random 

order for 1/10 mile segments of the passing zone.  While the magnitude of these disturbances as 

defined in the Minisim software seem extreme, their effect in accelerating the vehicle was actually very 

modest: In the absence of accelerator or brake inputs, these disturbances changed the vehicle speed by 
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a maximum of 3-4 mph.  Further, because the wind disturbances always summed to zero within a 

passing zone, the cumulative effect of each disturbance on the mean vehicle speed in a passing zone 

was negligible.  The order of the wind disturbances were balanced across the 10 passing zones such that 

each wind velocity profile was paired with each passing lane scenario an equal number of times.   

 

The simulation also included ǘǊŀŦŦƛŎΣ ǿƛǘƘ ŎŀǊǎ ŀƴŘ ǘǊǳŎƪǎ ƛƴ ŦǊƻƴǘ ƻŦ ŀƴŘ ōŜƘƛƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜ 

and in the oncoming lane.  Traffic density in the oncoming lane was moderate, with oncoming vehicles 

passing every 10-20 seconds.  ¢ǊŀŦŦƛŎ ŘŜƴǎƛǘȅ ƛƴ ǘƘŜ ŘǊƛǾŜǊΩǎ ƭŀƴŜ ǿŀǎ Ƴŀƴƛpulated differently for the two 

ŜȄǇŜǊƛƳŜƴǘǎ όǎŜŜ ōŜƭƻǿύΣ ōǳǘ ŦƻǊ ōƻǘƘ ŜȄǇŜǊƛƳŜƴǘǎ ŜŀŎƘ ǇŀǎǎƛƴƎ ȊƻƴŜ ǿŀǎ άǊŜǎŜǘέ ŘǳǊƛƴƎ ǘƘŜ ƛƴǘŜǊ-zone 

highway stretch by scripting the vehicles from the previous passing zone to pull off onto the shoulder, 

while simultaneously scripting a new set of 9 vehicles to be created out of sight around corners ahead of 

and behind the driver.  This procedure ensured that each passing zone had nearly identical traffic 

conditions, with the same number of cars in front and behind the driver.  

Apparatus and Testing Procedures 

Identical apparatus was used for both Experiments 1 and 2.  A seven video channel National Advanced 

Driving Simulator (NADS) MiniSim rendered the simulations and collected behavioral data.  Participants 

άŘǊƻǾŜέ ǘƘŜ ǎƛƳulations from an instrumented cab based on a 2001 Chevrolet S10 pick-up truck (see 

Figure 12).  Participants were treated in accordance with a university-approved protocol governing the 

use of human subjects in research.  Prior to starting the experiments, all participants were read a 

general description of the study, warned of the risks involved (primarily motion sickness), and asked to 

sign a consent form.  Next, the instructions were read to participants.  Importantly, these instructions 

emphasized that participants should imagine themselves driving on a rural highway and that they should 

act normally in obeying traffic laws and driving etiquette.  

 

 

Figure 2. Overhead View of Chevy S-10 Cab with the Three Main Forward Displays and Right-Side 

Mirror Display 
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Driver Simulator Experiment 1 Results  

Experiment 1 was designed to test the efficacy of the different passing zone scenarios on the speed and 

lane choice of RV-towing drivers.  Though it was assumed that these drivers would choose to use the 

right hand lane, it was also expected that the different passing zone scenarios might affect lane choice, 

so the researchers chose to not explicitly instruct the participants to use the right lanes of the passing 

zones.  Such instructions could have potentially altered ǇŀǊǘƛŎƛǇŀƴǘǎΩ ƴƻǊƳŀƭ ŘǊƛǾƛƴƎ ōŜƘŀǾƛƻǊΦ  ¢ƻ ƛƴŘǳŎŜ 

a right lane choice, the researchers therefore relied upon subtle instructions for participants to imagine 

themselves pulling a RV trailer, explicit inclusion of a simulated trailer behind the vehicle filling much of 

the center rearview mirror, and following traffic pressure. 

 

Experiment Participants   

Thirty-ǘƘǊŜŜ ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘ ǾŀƭƛŘ ŘǊƛǾŜǊΩǎ ƭƛŎŜƴǎŜǎ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘΦ ¢ƘǊŜŜ ǇŀǊǘƛŎƛǇŀƴǘǎ 

failed to complete the experiment due to motion sickness; their data were excluded from the analysis. 

Participants included twenty students from the University of Idaho, who received class extra credit for 

their participation. The study team recruited the remaining 10 participants using an online 

advertisement, and compensated them $30 for their participation. All participants wore corrective 

lenses if they were required to wear them while driving. Participants had an average age of 29.7, ranging 

from age 18 to 62, with an average of 14.4 years of driving experience. Additionally, 57% of participants 

had previous experience pulling a trailer.  

 

Experiment Stimuli 

 ¢ǊŀŦŦƛŎ ƛƴ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘƛǊŜŎǘƛƻƴ ƻŦ ǘǊŀǾŜƭ ǿŀǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŜŘ ǘƻ ƛƴŘǳŎŜ ŀ ŦŜŜƭƛƴƎ ƻŦ ŦƻƭƭƻǿƛƴƎ 

traffic pressure.  In each inter-passing zone stretch of highway a new set of 9 vehicles was created out of 

ǎƛƎƘǘ ōƻǘƘ ŀƘŜŀŘ ŀƴŘ ōŜƘƛƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜΦ  ¢ǿƻ ƭŜŀŘƛƴƎ ǾŜƘƛŎƭŜǎ ǿŜǊŜ ǎŎǊƛǇǘŜŘ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ 

speed of 45 mph until the participant's vehicle caught up to them, at which time they increased speed to 

Ƴŀƛƴǘŀƛƴ слл ŀƴŘ мллл ŦŜŜǘ ƎŀǇǎ ƛƴ ŦǊƻƴǘ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜΦ   ¢ƘŜǎŜ ƎŀǇǎ ǿŜǊŜ ŎƭƻǎŜ ŜƴƻǳƎƘ ǘƻ 

induce a feeling of driving in traffic, but also far enough ahead that the RV-towing drivers would not feel 

pressured to try to pass.  The seven following vehicles were scripted to induce pressure on the RV-

towing drivers to allow them to pass.  These vehicles were scripted to drive at moderately high speeds 

ǘƻ ŎŀǘŎƘ ǳǇ ǘƻ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜΣ at which time they maintained gaps of 100 feet between 

ǾŜƘƛŎƭŜǎΦ  IŜƴŎŜ ǘƘŜ ǎŜǾŜƴǘƘ ǾŜƘƛŎƭŜ ŦƻƭƭƻǿŜŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ тлл ŦŜŜǘΦ  hƴŎŜ 

the participant reached a passing zone and pulled into the right-hand lane, this gap maintenance 

terminated and the vehicles accelerated to 74 mph to pass. The RV-towing drivers were thus induced to 

stay in the right lane throughout the length of the passing zone.  To discourage participants from driving 

too fast, a simulated police siren sounded whenever their speed exceeded 75 mph. 

 

Experiment Procedure 

Each participant was instructed to imagine they were driving home from a recreational out of town 

weekend in Alaska where they had been boating or camping, and that they were pulling a trailer behind 

them. They were explicitly instructed to follow all rules and etiquette they would normally use while 

driving a vehicle pulling a trailer.  The entire experimental session lasted 90 minutes. 
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Experiment-1 Results: RV Drivers  

To increase passing efficiency, the passing lane scenarios needed to affect two driver behaviors: lane-

control and speed-control.  Efficient passing lane designs encourage slower drivers to move quickly to 

the right hand lane and slow down so that more vehicles may pass within the length of the passing zone.  

Safe passing zones also require a smooth merging of traffic before the passing lane has been eliminated.   

 

Lane Control  

The study team did not explicitly instruct participants to use the right lane and allow others to pass, but 

rather implicitly encouraged participants to use the right-hand lane through the simulation of pulling a 

RV trailer, combined with pressure from overtaking traffic and ƛƴǎǘǊǳŎǘƛƻƴǎ ǘƻ άƻōǎŜǊve normal driving 

ŜǘƛǉǳŜǘǘŜΦέ  .ŜŎŀǳǎŜ ŀ ǇǊƛƳŀǊȅ ŀƛƳ ƻŦ 9ȄǇŜǊƛƳŜƴt 1 was to compare how the scenarios differentially-

affected right-lane drivers, the study team hoped these experimental operations would implicitly induce 

the drivers to choose to use the right-hand lane.  It appears these operations worked: as can be seen in 

Figure 13. The Figure shows Vehicle lane deviation in feet from the center of the right lane as functions 

of distance for each scenario. The center of the left lane corresponds to 12 feet on the y-axis.  The 

distance axis extends from the beginning of 1-to-2 lane-addition transition through the end of the 2-to-1 

lane-reduction transition. The 1-mile full-two-lane segment extends from 660 to 5940 ft. For each panel, 

the blue traces represent data from individual participants. The bright red trace represents the 

ensemble average. The red fills represents 95% confidence intervals on the ensemble averages. 

Participants moved to the right lane within the first ¼ mile (1320 ft.) over 99% of the time, and 

averaging across all the scenarios, participants occupied the right-hand lane of the one-mile long two-

lane segment of the passing zone 90.55% of the time.  
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Figure 3. Distance Traveled from Beginning of Passing Zone (ft.) 
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Lane Choice and Control for the Full Two-lane Segment 

The study team assessed the effects of the 10 passing lane scenarios on lane control by examining the 

percentage of time spent in each lane and lane deviations within a lane during the one-mile full-two-

lane segment of the passing zoneτfor the moment ignoring the 1/8 mile long diverging and merging 

transition zones.  For each participant, and for each of the passing zones scenarios, the study team 

computed the arithmetic mean and standard deviation for each of these measures.  The study team 

used ²ŜƭŎƘΩǎ ǘŜst to determine whether the means and standard deviations across the ten scenario 

conditions were statistically equivalent1.  LŦ ²ŜƭŎƘΩǎ ǘŜǎǘ ƛƴŘƛŎŀǘŜŘ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǊŜƭƛŀōƭŜ ŘƛŦŦŜǊŜƴŎŜǎ ŀƳƻƴƎ 

the 10 means or standard deviations, the study team determined which pairs of means or standard 

deviations differed reliably from one another using the Games-Howell procedure, which forms a pooled 

variance estimate for each individual pairwise comparison.  The study team used a Type I error 

probability of a = .05 as the decision criterion for statistical reliability (the probability of any differences 

being due to chance was less than .05).   

 

These analyses found a borderline effect of scenario on the proportion of time spent in the right hand 

lane [7ȭ(9, 117.902) = 2.104, p < 0.05] with the only reliable pairwise differences occurring 

between the chevron scenario 4 (m = 94.3%) and the regulatory scenario 2 (m = 87.2%) and the 

regulatory + advisory scenario 3 (m = 87.9%).  All other pairwise comparisons were non-significant.  

Examination of Figure 13 suggests that the greater time spent in the right lane for the chevron scenario 

may have been carried primarily by the latter stages of the passing zoneτthe merge left appears to be 

somewhat delayed compared to scenarios 2 and 3.   

 

No statistically reliable differences between the scenarios for the mean position within a lane was found 

[²Ω(9, 117.897) = 1.211, p > 0.05], the standard deviation of position within a lane [²Ω(9, 118.065) = 

1.574, p > 0.05], the mean steering angle . [²Ω(9, 118.001) = 1.284, p > 0.05], or the standard deviation 

of steering angle [²Ω(9, 117.794) = 1.071, p > 0.05].  These results suggest that precise control of 

steering through the one-mile two-lane segment of the passing zone was not reliably affected by the 

different scenarios.  The lack of effects can be easily seen in Figure 13 between distances of 660 and 

5940 ft.: participants overwhelmingly chose to drive in the right-hand lane, and maintained lane position 

throughout the one mile long section of full multiple lanes with statistically equivalent precision 

regardless of the passing lane scenario. 

 

Speed and Passing Efficiency 

To assess the effects of the 10 scenarios on control of speed the study team computed the mean and 

standard deviations of the time-series measures of accelerator and brake pedal positions, and vehicle 

speed.  The passing efficiency of the automated traffic was largely determined by two factors: 1) how 

quickly the participant moved into the right lane, and 2) how fast they drove once in the right lane.  The 

analysis of lane control above found that participants moved into the right hand lane in an equivalent 

amount of time across scenarios; therefore, differences in passing efficiency are influenced most by the 

                                                           
1
 The Welch procedure is a non-pooled test statistic in that it does not pool variability from heterogeneous 

sources, therefore type I errors are not subject to inflation from potential violations of homogeneity of variance.   
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speed of the participants vehicle: the slower the speed, the greater the efficiency.  Vehicle speed was 

measured directly from the simulation, but the study team also examined differences in how 

participants used the controls like the accelerator and brake pedal to regulate speed.  However, because 

the participants only very rarely used the brake during the passing zones, this analysis focused only on 

vehicle speed and accelerator position measures. 

 

 
Note:  Box divisions represent 25, 50, and 75th percentiles. This figure represents the variability you would expect to 

see on the road across a sample of participants. 

Figure 4. Mean Vehicle Speed by Scenario Averaged Over the 1-mile Passing Section 
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Note:  Error bars reflecting 95% confidence intervals after removing the between-subjects variability. 

Figure 5. Speed Differences Normalized from Baseline Speed 

 

Figure 15 presents mean vehicle speeds for scenarios 1-9 normalized to each Figure 16 represents the 

particiǇŀƴǘΩǎ ƳŜŀƴ ǾŜƘƛŎƭŜ ǎǇŜŜŘ ƛƴ ǘƘŜ ōŀǎŜƭƛƴŜ ǎŎŜƴŀǊƛƻ ǿƛǘƘ фр҈ ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎ ƛƴŘƛŎŀǘŜŘ ƻƴ ǘƘŜ 

plot as error bars. Means with error bars that fall outside of the light gray band are considered reliably 

different from baseline, and means whose error bars do not overlap are considered reliably different 

from one another.   
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Figure 6. Boxplots Representing the Distributions of Speed Intercept Estimates Across the Scenarios 

 

The box divisions in Figure 16 represent 25, 50, and 75th percentiles.  The intercept for scenario 2ς 

regulatory is reliably lower than all the intercepts except scenario 3 ς regulatory + advisory (p < .05).  All 

other intercepts are statistically equivalent (p > .05). According to this analysis, six of the 9 test scenarios 

(non-baseline) reliably reduced the average vehicle speed over the one-mile full two-lane segment of 

the passing zone:  scenario 1τadvisory reduced speed by 2.2 mph; scenario 2τregulatory by 6.6 mph; 

scenario 3τregulatory + advisory by 5.5 mph; scenario 4τChevrons by 1.6mph; scenario 5τtransverse 

line by 1.8 mph; and scenario 7τparallax by 1.5 mph.  

 

In effect, the data presented in Figure 15 depict the variability one would expect to see on the road 

across a sample of drivers, whereas the data presented in Figure 16 depict the reliability of the scenarios 

in effecting the speed control of each individual participant controlling for individual differences.  Both 

approaches converge on a similar conclusion: scenarios including regulatory elements have the largest 

effect on reducing the speed of the participants, but the use of chevrons, transverse lines, or parallax 

should also be expected to have a reliable, though smaller effect on speed control. 

To more precisely examine how participants controlled vehicle speed over the 1-mile passing zone, 

vehicle speed was linearly regressed on distance and the effect of scenario on the intercept and slope 
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parameters was assessed using the Welch and Games-Howell procedures.  (Regressing on distance, 

rather than time, prevents slow speed segments of data from carrying more weight in the model fitting.) 

Pairwise multiple comparisons showed that the speed intercept for the regulatory scenario 2 was 

reliably lower than for all other scenarios except the regulatory + advisory scenario 3 (see Figure 17).  

This result is consistent with participants reducing speed for the regulatory scenario 2 either before 

entering or very early in the passing zone.  Further, the estimated slope parameters were not reliably 

different across the scenarios (p > .05), suggesting that the rate of deceleration was statistically 

equivalent across the conditions.  When taken together, these results suggest an important conclusion: 

regulatory signage has its greatest impact in reducing speed when placed before or early in the passing 

zone.   

 

The analysis of mean vehicle speed found a segment main effect, with participants driving more slowly 

in the lane-reduction transition segment (5940-6600 ft. on the abscissa of Figure 18, m = 55.59 mph) as 

compared to the full 2-lane segment (660-5940 ft. on the abscissa of Figure 18, m = 57.7 mph), and the 

fastest speeds occurring in the lane-addition transition segment (0-660 ft. on the abscissa of Figure 18, m 

= 63.89 mph), F(2, 58) = 102.679, p < 0.001, ʂ2
G = 0.321, ʀGG = 0.550, observed-power = 1.000.   

The study team also found a significant interaction of segment and scenario on mean vehicle speed 

[F(18, 522) = 1.991, p = 0.043, ʂ2
G = 0.016, ʀGG = .481, observed-power = 0.083].  This interaction reflects 

two deviations from the segment main effect across the 10 scenarios:  

a) a greater reduction in vehicle speed during the full 2-lane segment of the passing zone as 

compared to the transition segments for the regulatory Scenario 2 and the regulatory+advisory 

Scenario 3, and  

b) reliably slower speeds in the lane-reduction segment as compared to the full 2-lane segment, 

for scenarios 6, 8 and 9 (lane narrowing, force-right, and transverse lines with middle segment, 

respectively). 

 

The analysis of the standard deviation (SD) of vehicle speed shows greatest variability in the full 2-lane 

segment (s = 4.97 mph), moderate variability in to the lane-reduction transition segment (s = 2.28 mph) 

and least variability in the lane-addition transition segment (s = 0.88 mph), F(2, 58) = 288.673, p < 0.001, 

ʂ2
G = 0.963, ʀGG = 0.525, observed-power = 1.000.  As with accelerator position SD, vehicle speed SD is 

confounded by the fact that the wind disturbance was only present throughout the full 2-lane segment.  

Even so, speed is significantly more variable the lane addition transition segment than in the lane 

reduction transition segment.   

 

Passing Efficiency and Safety of AI Controlled Vehicles.   

The analyses of vehicle speeds suggest that the regulatory conditions resulted in slower speeds.  Here 

the study team examine whether the speed reductions enabled simulated vehicles to more efficiently 

and safely pass the driver.  

 

For each passing lane, the participant was accompanied by a platoon of nine or ten other vehicles 

dynamically controlled by the NADS MiniSim. For the majority of the scenarios, two vehicles would lead 
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the participant into the passing lane. Passing performance was quantified by counting the number of 

cars that passed the vehicle during the 1-mile 2-fulƭ ƭŀƴŜ ǎŜƎƳŜƴǘΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ ƳŜǘǊƛŎΣ ²ŜƭŎƘΩǎ ǘŜǎǘ 

found that passing efficiency was not equivalent across the 10 scenarios [²Ω (9, 117.995) = 5.128, p < 

.001]: significantly more vehicles were able to pass during the regulatory scenario 2 as compared to 

baseline and visual cue conditions. Indeed, passing performance reached the optimal ceiling-- all 7 

trailing vehicles were allowed to passτwith the regulatory scenario 2 for 22 of the 30 participants.  

 

The study team used average time margin at the start of the lane-reduction segment as the measure of 

safety in passing.  For each scenario and participant, the study team determined average time margin by 

computing the mean of times at which each vehicle in the platoon of passing vehicles entered the lane-

redǳŎǘƛƻƴ ǎŜƎƳŜƴǘ ŀƴŘ ǎǳōǘǊŀŎǘŜŘ ǘƘƛǎ ƳŜŀƴ ǘƛƳŜ ŦǊƻƳ ǘƘŜ ǘƛƳŜ ǿƘŜƴ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜ ŜƴǘŜǊŜŘ 

the lane-reduction segment.  Positive average time margins occurred when a participant entered the 

lane-reduction at a later time than the average, negative values indicate the participant entered at a 

time ahead of the average.  The Welch test indicated a reliable effect of scenario on average time 

margin [²Ω (9, 118.076) = 4.085, p < .001].  Post-hoc tests indicated that the regulatory scenario differed 

significantly from the baseline scenario 0 and scenarios 4, 6, 7, 8, and 9.  

 

 
Note: Error bars reflect 95% confidence intervals calculated according to Moray (2008). 

Figure 7. Accelerator Position and Mean Vehicle Speed as Functions of Driving Experience for the 

Baseline and Regulatory Scenarios 

 

The analysis found a reliable effect of scenario on mean vehicle speed [Q(1.08) = 7.389, p = 0.009, obs. 

power = 0.889, already discussed above] and a marginally reliable effect of experience [Q(1.08) = 4.011, 

p = 0.051, obs. power = 0.780].   According to this effect, inexperienced drivers demonstrated greater 

changes in driving behavior. Interpreted with the vehicle speed trend it suggests that experienced 

drivers are slower regardless of the scenario (see Figure 17). 

  
 



Chapter 2: Driver Simulator Study Summary Results  

17 

Summary and Conclusions of Experiment 1 

The lane choice and deviation data showed that the instructions and following traffic pressure were 

successful in inducing the RV-towing drivers to reliably move into the right lane of the passing zone 

during the lane-addition transition (99% of the time).   This result was critical, since the regulations, 

advisories, and passive interventions for speed were specifically designed to affect drivers in the right 

lane only.  Because the drivers moved to the right lane so reliably the study team are able to interpret 

the effects of the different scenarios on speed control.  The primary result was an approximately 5-6 

mph average reduction in speed for the regulatory scenario 2 and regulatory + advisory scenario 3 as 

compared to the baseline scenario.  Importantly, these scenarios had their greatest effect in reducing 

speed during the initial entry into the passing zone, which suggests that locating regulatory and advisory 

signs early in the passing zone or before it may optimize their impact.  Some of the passive speed 

interventions (e.g., Chevrons, lane narrowing) also reliably reduced speed, but only by 1-2 mph.   

 

Because drivers were so consistent in moving to the right lane during the lane addition, the study team 

found that passing efficiency mirrored the speed results.  The regulatory and regulatory + advisory 

scenarios induced drivers in the right lane to drive more slowly, so more vehicles were able to pass in 

these conditions.  There was aƭǎƻ ŀ ƎǊŜŀǘŜǊ ǘƛƳŜ ƎŀǇ ōŜǘǿŜŜƴ ǘƘŜ ǇŀǎǎƛƴƎ ǾŜƘƛŎƭŜǎ ŀƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ 

vehicle at the beginning of the lane reduction segment, suggesting a safer passing environment for 

these scenarios.   

 

In addition, it does appear that experience mitigates the speed reduction effects of the regulatory and 

regulatory + advisory scenarios.  More experienced drivers (> 15 years since licensing) drive more slowly 

overall and have less reduction in speed than less experienced drivers, who drive more quickly overall 

and show greater reductions in speed for these scenarios.  This result suggests that the regulatory and 

regulatory + advisory scenarios may be particularly effective in reducing speed for less experienced 

drivers. 

 

In sum, the regulatory and regulatory + advisory scenarios appear create the greatest right-lane speed 

reductions, particularly for less-experienced RV-towing drivers.  Passing efficiency should therefore 

increase for these scenarios, but only if the speed reduction occurs only for right-lane drivers.  The next 

experiment sought to measure the influence of these different scenarios on non-RV-towing drivers in 

the left lane to assess whether the speed reduction is specific to only the right lane as intended. 
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Results of Experiment 2: Non-Towing Drivers 

Experiment 2 was designed to assess the effects of the 10 passing lane scenarios on the behavior of 

drivers using the left lane.  This experiment had two aims: 1) to examine whether the regulations, 

advisories, and lane markings designed to affect right-lane drivers lane also affected drivers in the left 

laneτan undesirable result, since it would reduce the efficiency of the passing lanesτand 2) to examine 

the influence of right-lane vehicle size on passing behavior.   

 

Experiment 2 Participants 

Twenty-three ǇŀǊǘƛŎƛǇŀƴǘǎ ǿƛǘƘ ǾŀƭƛŘ ŘǊƛǾŜǊΩǎ ƭƛŎŜƴǎŜǎ ǿŜǊŜ ǘŜǎǘŜŘ ŦƻǊ ǘƘƛǎ ŜȄǇŜǊƛƳŜƴǘΦ ¢ƘǊŜŜ ǇŀǊǘƛŎƛǇŀƴǘǎ 

failed to complete the experiment due to motion sickness and were excluded from the analysis. 

Fourteen students from the University of Idaho participated and were given class credit for their 

participation. The study team recruited the remaining six participants using an online advertisement and 

compensated each of them $30 for their participation. All participants wore corrective lenses if they 

were required to wear them while driving. Participants had an average age of 25.1 years, ranging from 

age 19 to 47, with an average of 9.2 years of driving experience. 

 

Experiment 2 Stimuli 

Traffic in Experiment 2 was designed to induce pressure for participants to pass other vehicles.  In each 

inter-passing zone stretch of highway a new set of 9 vehicles was created out of sight both ahead and 

ōŜƘƛƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜΦ  {ŜǾŜƴ ƭŜŀŘƛƴƎ ǾŜƘƛŎƭŜǎ ǿŜǊŜ ǎŎǊƛǇǘŜŘ ǘƻ ŀǇǇŜŀǊ ŀƘŜŀŘ ƻŦ ǘƘŜ 

ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜ ŀƴŘ ŘǊƛǾŜ 45 mph until the participant caught up to them, at which point the 

vehicles maintained a specific gap in front of the driver with the closest car being 200 feet ahead, and all 

other cars increasing in 100 foot increments, with the furthest car being 800 feet ahead.   

At the start of each passing zone, these vehicles turned on their right-turn signals and pulled into the 

right-hand lane maintaining a constant speed of 65 mph, except for the regulatory scenarios where the 

vehicles maintained a speed of 55 mph. Two following cars were scripted to maintain distances of 600 

ŀƴŘ мллл ŦŜŜǘ ōŜƘƛƴŘ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǾŜƘƛŎƭŜ ǳƴǘƛƭ ƛǘ ŜȄƛǘŜŘ ǘƘŜ ǇŀǎǎƛƴƎ ȊƻƴŜΣ ŀǘ ǿƘƛŎƘ Ǉƻƛƴǘ ǘƘŜǎŜ 

vehicles pulled to the side of the highway.   To discourage participants from driving extremely fast, 

simulated police sirens sounded whenever their speed exceeded 85 mph.  

 

To examine whether vehicle size influences passing behavior, the third vehicle ahead of the driver, or 

fifth in the platoon of seven vehicles counting from the front, was either a small sedan or a large semi-

truck while the other six vehicles were always small sedans.  The study team chose to manipulate the 

third vehicle ahead of the driver based on these assumptions:  a) the platoon of vehicles in the right-lane 

would be driving 65 mph, b) most participants would maintain a speed of 72-73 mph while passing.  This 

differential of 7-8 mph at 72-73 mph results in the passing vehicle gaining about 300 feet on the platoon 

of right-lane vehicles over the first half- mile stretch of the passing zone, making the third vehicle ahead 

(fifth in the platoon of seven)τlocated approximately 400 ft. ahead of the driver at the entrance to the 

passing zoneτthe likeliest object of a passing decision at the mid-point of the passing zone.   
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The location of the semi-truck relative to the platoon of vehicles was adjusted backwards such that its 

front end was the same distance ahead of the driver as the front end of the sedan at the time the driver 

entered the passing zone.  Because the semi-truck was 45 ft. longer than the sedan, this reduced the gap 

between the second and third vehicles by approximately 45 feet.   

 

Experiment 2 Procedure 

The study team instructed participants to imagine they were heading home from a recreational 

weekend in the Alaskan countryside andτimportantlyτthat they were in a hurry to get home.  In 

addition, the study team instructed them to obey traffic regulations, advisories, and etiquette in a 

manner they normally would while driving in a hurry.  The full instructions are listed in Appendix C. The 

entire experimental session lasted 90 minutes. 

Experiment 2 Results 

The instructions was designed, tasked, and simulated traffic in this experiment to induce participants to 

use the left lane of the passing zones to pass some or all of the platoon of seven leading vehicles.  The 

first section of the results presents evidence that this design succeeded in inducing these behaviors in 

the sample of participants.  The second part of this section presents results that address whether the 

different passing zone scenarios affected the speed of drivers passing in the left hand lane.  For 

maximum passing efficiency, the scenarios that reduced speed in the right lane should not affect drivers 

in the left lane, thereby maximizing the speed differential between the two lanes of traffic.  The last 

section of the results addresses the manipulation of vehicle size (passenger car vs. semi-truck) on driver 

behavior while passing.   

 

Lane Choice 

The study team did not explicitly instruct participants to use the left lane and pass the leading vehicles, 

but rather implicitly encouraged participants to use the left lane by placing slower moving vehicles 

ŀƘŜŀŘ ƻŦ ǘƘŜƳ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴǎ ǘƘŀǘ ǘƘŜȅ ǿŜǊŜ άƛƴ ŀ ƘǳǊǊȅ ǘƻ ƎŜǘ ƘƻƳŜέ ŀƴŘ ŘǊƛǾƛƴƎ a 

sedan (rather than an RV).  Because the study team aimed to examine whether the different scenarios 

affected left-lane drivers, the study team hoped these experimental operations would induce the drivers 

to choose to use the left hand lane and pass at least some of the vehicles ahead of them.  It appears 

these operations worked:  Figure 18 shows that participants overwhelmingly preferred the left lane. 

Across all the scenarios, drivers occupied the left lane approximately 82% and there were no reliable 

differences in this percentage across scenarios (p > .05).  Further, no reliable differences on mean lane 

deviation or steering wheel angle was found (p > .05), suggesting that the scenarios did not differentially 

affect lane choice or steering control.  
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Figure 8. Vehicle Lane Deviation in Feet from the Center of the Right Lane as Functions of Distance for 

Each Scenario 
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In figure 23, the center of the left lane corresponds to 12 feet on the y-axis.  The distance axis extends 

from the beginning of 1-to-2 lane-addition transition through the end of the 2-to-1 lane-reduction 

transition. The 1-mile full-two-lane segment extends from 660 to 5940 ft. For each panel, the blue traces 

represent data from individual participants. The bright red trace represents the ensemble average. The 

red fills represents 95% confidence intervals on the ensemble averages. 

 

Scenario 8 incorporated a knurled force right pavement marking at the beginning of the passing lane. To 

examine whether this force right marking affected behavior the study team examined lane deviation at 

ссп ŦǘΦ ŦǊƻƳ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ǇŀǎǎƛƴƎ ȊƻƴŜ ŀƴŘ ŦƻǳƴŘ ŀ ǊŜƭƛŀōƭŜ ŜŦŦŜŎǘ ƻŦ ǎŎŜƴŀǊƛƻ ώ²ΩόфΣ ттΦлупύ 

=3.161, p = .003]. The effect of the force right marking is apparent the 9th pane of Figure 23. Perhaps 

because of the novelty of the stimuli roughly 25% (5 of 20) participants did not abide by the pavement 

marking and drove directly into the left lane of the passing zone. 

 

Speed and Passing Efficiency 

Similar to Experiment 1, to assess the effects of the 10 scenarios on control of speed, the study team 

computed the mean and standard deviations of the time-series measures of accelerator pedal position 

and vehicle speed.  As with Experiment 1, brake pedal force data was recorded but was used so 

infrequently analyzing the variance about the means was not possible. Passing efficiency was 

determined by counting the number of cars passed for each condition.  Figure 24 shows the vehicle 

speeds over the entire length of the passing zone as a function of scenario.   It is clear that all the 

scenarios have qualitatively similar speed profiles.  Initially, the participants slow as the platoon of 

leading vehicles moves into the right lane, then the participants accelerated, reaching their peak speed 

at approximately half-way through the passing zone before decelerating.   

In Figure 19, distance axes are in feet and extend from the beginning of 1-to-2 lane-addition transition 

through the end of the 2-to-1 lane-reduction transition. The 1-mile segment extends from 660 to 5940 

feet. For each panel the blue traces represent individual participants. The red trace represents the 

ensemble average over distance. The red fills represents 95% confidence intervals on the ensemble 

averages.  Box plots representing the distributions of speed across the 10 scenarios can be seen in 

Figure 20. 

 

To examine whether the passing lane scenarios affected speed and accelerator position during the one-

mile full two-lane segment of the passing zones, the study team calculated the arithmetic mean and 

standard deviation of accelerator position and vehicle speed for each participant and for each scenario.  

Similar to Experiment 1, ²ŜƭŎƘΩǎ ǘŜǎǘ was used to control type I errors from violations of homogeneity of 

variance and to compare the equality of the means across the ten scenario conditions and the Games-

Howell procedure for assessing pairwise comparisons.  

 

None of these four analyses found any reliable effect of scenario.  Though it would be logically unsound 

to conclude that no differences existed, the study team concluded that any scenario differences in 

accelerator position or speed were insignificant in comparison to the overall variability in the data. 

Coefficients of determination for a single-factor repeated-measures ANOVA on vehicle speed were 

calculated, and these metrics show that individual differences between participants account for 60% of 
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the variability compared to the 2.4% accounted for by scenario type (see Figure 21). When the speeds 

are normalized relative to baseline, a more accurate visualization of the scenario differences can be 

obtained. Figure 22 shows that drivers were within ± 4.5 mph of their baseline speed across all of the 

scenarios.   

 

 
 

Figure 9. Vehicle Speeds as Functions of Distance Segregated by Scenario 
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Note: Box divisions represent 25, 50, and 75th percentiles. 

Figure 10. Mean Vehicle Speed by Scenario Averaged Over the 1-mile Passing Section 

 

 
Note: Error bars reflect 95% confidence intervals after removing the between-subjects variability.  

 

Figure 11. Speed Differences Normalized from Baseline Speed 












































